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INTRODUCTION 
Because more than half of the surface of the Earth receives insuffi-
cient precipitation for the most favorable growth of crops (43), there is 
a need for irrigation to make up these deficiencies or to develop land 
that has not previously been cultivated. The main benefits of irrigation, 
increase in yields, and improvement in quality have been well recognized 
and many methods of irrigation have been developed and used throughout 
history. The problem that arises, even in humid regions, is the availa-
bility of water when it is needed and subsequently the question arises as 
to whether or not there will be an adequate water supply to meet the pre-
sent and future demands of irrigated agriculture. 
The necessity for conserving irrigation water has been under consider-
ation, especially in those countries with limited rainfall. Trickle irri-
gation, a relatively simple irrigation system which is less wasteful in 
terms of water use efficiency, is being used today for higher crop produc-
tion (47). Research in trickle irrigation in humid climates has recently 
been initiated, while in arid regions its use was initiated rapidly be-
cause of the more efficient application of water and the lower costs of in-
stallation and use as compared to conventional methods (59). In arid re-
gions increases in yield and water use efficiency have been shown with 
trickle irrigation (5, 10), and increases in growth response with a more 
fibrous root system have been reported for some shade trees in humid re-
gions (53). 
Because of the promising effects of trickle irrigation on different 
agricultural crops, the present research was done to obtain information on 
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the effect of trickle irrigation on bearing and nonbearing apple trees 
using different rates of water. The objectives of this research were to 
detenmine the effect of trickle irrigation on a) tree growth and develop-
ment, b) fruit development yield and quality, and c) the mineral uptake 
by the tree. 
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LITERATURE REVIE\~ 
Lionel (48) defined trickle irrigation as a watering system whereby 
the water is distributed to points without atomization and without soaking 
the land. Marsh et al. (49) further defined it as the frequent slow appli-
cation of water to soil through mechanical devices called emitters located 
at selected points along water delivery lines. Trickle irrigation is 
based on the concept that the best use of available water resources and 
best plant performance may be realized through preventing moisture stress, 
as opposed to correcting moisture stress, by maintaining favorable soil 
moisture conditions on only a portion of the root system (46). 
Recent reports have cited water saving (9, 15, 18, 25, 29), better 
crop response (14, 42, 53), possible use of higher saline water (6, 31, 
57, 69), control of disease (72), less weed control (44), reduced labor 
cost, and more efficient use of fertilizers (5, 19) as outstanding features 
indicating the superiority of trickle irrigation. In spite of the fact 
that trickle irrigation has so many potential benefits it still has certain 
and in some cases, serious limitations such as sensitivity to clogging of 
the equipment (12, 44, 56), and accumulation of salts at the periphery of 
the wetted soil volume (38). 
Hark by Wadleigh and Gauch (67) and Ayers et al. (3) showed that matric 
and osmotic potential are additive in their effect on plant growth, and 
this is one of the important features of trickle irrigation. Frequent or 
continuous application of water, as achieved through trickle irrigation 
assures that the salinity of the soil solution will not appreciably exceed 
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that of the irrigation water provided leaching is adequate, and maintains 
a high matric potential (55). 
A properly designed and operated trickle system affords the opportun-
ity of saving appreciable amounts of water (38). It is possible to grow 
. good crops while restricting the extent of the root zone, which can lead to 
water saving in row crops (55), and orchards (55). Definite savings are 
possible while young crops do not cover the entire soil surface (55). Irri-
gation from 10 to 50 percent of the orchard floor in bearing trees and 1 to 
2 percent of the young orchard floor by trickle system has been reported by 
Kenworthy ( 46) • 
Many experiments have been conducted with trickle irrigation on differ-
ent high value crops to determine plant responses in terms of root distri-
bution and development (27, 30, 53), vegetative growth (14, 35, 42, 58), 
yield and quality of the fruit (13, 17, 40, 52}, spread of disease and/or 
physiological disorders (35, 72}, and nutrient uptake by the plant {50, 59). 
Numerous researchers have studied the relationship between water appli-
cation through trickle irrigation and root distribution (5, 27, 30, 53, 63). 
These studies have implicated that water is an important factor influencing 
root growth and distribution. 
Root distribution in relation to high soil water potential under trick-
le irrigation was studied by Bernstein and Francois (5}. They showed that 
trickle irrigation tends to cause a high concentration of roots near the 
soil surface and to restrict the vertical extent of the root zone. The re-
striction of the rooting volume was accompanied by a proportional increase 
in root density. They concluded that in this case the average flow path of 
·~ 
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water towards active roots might be shorter, which further enhances the 
effect of high conductivity on soil water availability. 
Goldberg et al. {30) noted a greater root growth in the plants planted 
in green house containers at the emitter and decreasing root growth with 
distance from the emitter. Fruta et al. (27), working on container grown 
eucalyptus (Eucalyptus sp.) found a heavier root system and more roots in 
the center of the ball with fewer roots at the bottom of the container when 
trickle irrigation was compared to sprinkler irrigation. 
Ponder and Kenworthy (53) studied the effect of trickle irrigation on 
root development of three species of shade trees grown in a nursery under 
temperate climate with emitters positioned 15 em from tree trunks. Regard-
less of the treatment they found that over 90 percent of the root system of 
the three species were within 30 em of the trunk with 10 percent of this 
total being fibrous roots. 
Taylor (63) studied the effect of trickle irrigation on young and 
mature peach trees and found that the greatest concentration of roots was 
in a 30-40 em radius of the trunk but there were no roots immediately under 
the emitters. Feeder roots were found in the wetted zone but only where 
the soil drained sufficiently to give adequate aeration. Studies by 
Willoughby and Cockroft (70) on old and young peach trees in Australia con-
firm these results, however, Yager and Yitzchak (71) found no difference in 
lateral or horizontal root development between trickle irrigated and 
sprinkler-irrigated 'Valencia' oranges. 
Halvey et al. (35) reported that mature bearing trees shifted to 
trickle irrigation r·eadily adapted to the new water regime. They concluded 
that the root system developed a compensatory denser network within the 
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watered boundaries·and there was no sign of poor anchorage. Experiments 
done by other workers (8, 70) conf1nn these r-esults. 
Willoughby and Cockroft {70) working with fully mature peach trees, 
which before the initiation of a trickle system had a uniformly distribu-
ted root system through the whole orchard area, reported that a change to 
trickle irrigation produced a whole new root system which developed in a 
few months and the trees continued to produce heavy crops of fruits. 
Black and Mitchell {8) designed an experiment to determine the rate of 
adaptation of the root distribution of pear trees grown under uniform sprink-
ler irrigation for 18 years and then converted to trickle irrigation for 
two years with one emitter per tree. After two seasons they found that the 
intensity of new root growth was markedly higher inside the wetted soil 
volume. However, they noted that the rate of this adaptation of the root 
system to the new environment could be critical to the successful use of 
trickle irrigation. 
Black and West {7) did an experiment on young apple trees where the 
root system of one tree was planted into four different containers and the 
four containers for each tree were strapped together. They found that the 
water uptake by the tree with one-fourth of its root system supplied with 
water could function as well as a tree where the entire root system re-
ceived water. 
In his review on trickle irrigation Halvey et al. {35) stated that 
trickle treatments generally increase vegetative growth, especially in the 
development of young orchards. Increased tree growth due to trickle irri-
gation as measured by trunk girth have been reported for cacao (Theobroma 
cacao, L.) (42), pear {Pyrus communis, L.) {35), sugar maple (Acer 
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saccharum, t~arsh) (53), honey locust (Gleditsia triacanthos , L.) (53), 
white ash (Fraxinus americana, L.) (53), pin oak (Quercus palustris, 
Muenchl) 53). Jadin and Chauchard (42) also noted larger canopy develop-
ment in cacao trees and this was associated with increased resistance to 
insect damage. 
Roth et al. (53) compared five irrigation methods on a four hectare 
block of young 'Campbell-Valencia' orange trees. The irrigation methods 
were border, full coverage sprinkler, limited coverage sprinkler, basin 
and trickle. They found maximum tree growth, as measured by an increase in 
trunk circumference with the trickle and basin methods, even though these 
methods used approximately one-twentieth the water as compared to the nor-
mal border irrigation. The full coverage sprinkler method restricted tree 
growth due to salt injury on the leaves. 
The results of several experiments reported by Halvey et al. (35) have 
indicated that in most cases there is a tendency toward larger yields and 
better fruit quality with trickle treatments when compared to other methods. 
Other studies have indicated increased yields and better fruit quality on 
fruit trees with trickle irrigation when compared to border irrigation (40), 
furrow irrigation (2), sprinkler irrigation (22), and flood irrigation (63). 
Ingram (40) reported that black current cv. Baldwin produced almost double 
the yield under trickle irrigation when compared with border irrigation. 
Halvey et al. (35) compared trickle irrigation with sprinkler irriga-
tion on 'Valencia' orange trees growing in a semi-arid to sub-humid region 
in Israel. They found a decrease in yield in the first year for trickle 
irrigated trees, followed by an increase after two years. They also re-
ported that trickle irrigated 'March' grapefruit grown in the sub-humid 
8 
region were superior to sprinkler irri'gated trees in both total yield and 
percentage of marketable fruit. Halvey et al. (35), also conducted an ex-
periment to compare the effect of trickle irrigation vs. sprinkler irriga-
tion on "Alexandra •, 'Delicious', and 'Orleans• apple trees. The result 
showed that the trickle irrigated trees produced a 20 percent greater yield 
than sprinkler-irrigated trees. There was a notable reduction in the num-
ber of undersized fruits on trees under the trickle irrigation regime. 
Smith (59) in an experiment on apple, peach, plum and sour cherry 
trees under trickle irrigation, reported increased yields and fruit size on 
peach trees, while on apple trees there was an increase in yield but not 
fruit size. He concluded that this lack of increased fruit size was prob-
ably due to the decrease in preharvest drop due to trickle irrigation. 
Dochev et al. (22) compared the effect of trickle irrigation, sprink-
ler, and furrow irrigation on the storage quality of apple fruits. During 
the first three months of storage a similar increase in the sugar concen-
tration was observed in the fruits from all irrigation methods; after the 
fourth month of storage the total concentration of sugars in the fruits of 
sprinkler and furrow irrigated trees declined, while that of trickle-irri-
gated trees continued to increase until the sixth month after harvest. 
This slow rate of metabolism suggested that maintaining constant high soil 
moisture in part of the root system through trickle irrigation enhanced 
the effects of the chemical fertilizers applied to the trees. 
Zentmyer et al. (72) studied the effect of trickle irrigation on de-
velopment, spread and control of phytophthora root rot of avacado trees 
(Phytophthora cinnamomi). They found that the development of root rot was 
considerably slower under the trickle system than under sprinkler system. 
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Also, the average growth of seedlings on the affected soil under the 
trickle irrigation was greater than that of seedlings 1n affected soil 
with the sprinkler system. They could not conclude whether this was due 
to the retardation of spread of the fungus in the trickle irrigated plots 
or something else. 
Halvey et al. (35} reported a reduction in the bitter pit develop-
ing on stored apples when grown under trickle irrigation as compared to 
sprinkler irrigation. 
Mason (50} determined the total amounts and concentration of the ele-
ments N, P, K, Ca, and Mg in various parts of the apple trees by putting 
them under a glass canopy and using a wet treatment for half of the trees 
and a dry treatment for the other half. Plants under the wet treatment 
absorbed larger amounts of all elements and grew more vigorously compared 
to those under the dry treatment. The wet treatment significantly re-
duced the concentration of N in the whole plant while the concentration 
of K was significantly increased. There was also an increase in concentra-
tion of Mg, but no difference in Ca concentration. 
Smith (59} working with sour cherries, plum, peach, and apple trees 
under trickle irrigation found that trickle irrigation increased the leaf 
composition of Na, Ca, Mg, and Al in sour cherry. Peach and plum leaves 
that received trickle irrigation contained more P, Cu, and Al. In apple 
trees trickle irrigation decreased concentration of Ca, Mn, Fe, B, and Al 
in •Golden Delicious• with no effect on the other elements. 
The present research was done to determine the effect of trickle 
irrigation on bearing and nonbearing apple trees using different rates of 
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water. The objectives of this research were to determine the effect of 
trickle irrigation on: a) tree growth and development; b) fruit develop-
ment, yield and quality; and c) the mineral uptake by the tree. 
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MATERIALS AND METHODS 
To determine the influence of trickle irrigation on bearing and non-
bearing apple trees (Malus domestica Bork.) under Iowa conditions, the fol-
lowing experiment was conducted at the Iowa State University Horticulture 
Station. Irrigation started on June 9 and ended on September 1, 1977 with 
the apple trees being irrigated, 5 days a week. 
A pond served as the water source. The water was pumped through a 
filter to the mainline and delivered at a pressure of 1.05Kg/cm2 (15 psi) 
to the trees through pressure compensating emitters. A time clock was used 
to automate the system. 
Problems encountered during the first two weeks of the experiment in-
cluded clogging of the emitters and reduction of water pressure in the main-
line because of blocking of the screen filter due to slime, brown algae, 
and crustacea. Among these, crustacea was a serious problem. These occur-
ences were handled by floating the intake two feet below the surface; with 
this procedure there was a notable reduction in the amount of crustacea 
present in the flow. The brown algae and slime problem was dealt with by 
injecting chlorine into the water at a concentration of 3 ppm. Clogging 
was also minimized by certain field practices, such as orienting the 
emitters upward and flushing the lateral tubes regularly. 
Application rate for trickle irrigation was based on 75 percent weekly 
net water loss from an evaporation pan as described by Kenworthy (46). 
The experiment area in the bearing trees consisted of 72 ten year old 
~Chieftain' apple trees planted in north-south rows with 4x8.3m spacing. 
The term treatment indicates the amount of flow rate applied to each 
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experimental unit (tree}. Treatments were 0.0 liters/hr. or control, half 
rate and full rate. The amount of water for the full rate treatment was 
initially calculated using the Rain Bird Estimation method (60} for the 
Des Moines, Iowa area based on a plant area of 16m2 (144 ft2} and adjusted 
weekly based on the net water loss. For the full rate treatment six emit-
ters were placed under each tree to give a flow rate of 29.4 liters/hr. 
For the half rate treatment three emitters were placed under each tree and 
water was applied for the same duration each week. The layout was a com-
pletely randomized block design. Each block involved three treatments 
with three trees per treatment replicated eight times. 
The experiment area in nonbearing appl e trees consisted of 33 one 
year old trees from different cultivars planted in north-south rows with 
314m spacing. Treatments were 0.0 liters/hr. or control, half rate and 
full rate. For the full rate treatment two emitters (9.8 liters/hr.} were 
placed under each tree and one emitter per tree for the half rate treat-
ment. The duration of daily application was the same as in the experiment 
on the bearing trees. Based on the Rain Bird Estimation method (60} the 
full rate treatment was adequate for a tree with a 7m2 (63 ft2} plant area. 
The layout was completely randomized block design. Each block involved 
three treatments with one tree per treatment replicated eleven times. 
Tree response was measured in terms of a} tree growth and development, 
b) mineral uptake by the tree, and c) fruit development, yield and quality. 
To determine the influence of the treatments on tree growth and de-
velopment trunk circumference measurements were taken on both bearing and 
nonbearing apple trees before and after the experiment. The initial mea-
surements from the height of 40 em on bearing and from the height of 30 em 
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from the ground surface on nonbearing apple trees were taken on May 11, 
1977, before the start of vegetative growth. The final measurements were 
taken six months later during dormant period (December 23, 1977) from the 
same heights. 
Shoot growth was measured on both bearing and nonbearing apple trees 
by measuring the length of primary shoots during the dormant season. In 
bearing apple trees ten shoots were randomly selected on each tree and 
measured. In nonbearing apple trees all the primary shoots on each tree 
were measured, averaged and recorded. 
To determine the influence of trickle irrigation on return bloom of 
bearing apple trees, two main branches, one on the east side and the other 
one on the west side, were selected on each tree and tagged. The number 
of spurs on each limb were counted and recorded. At bloom the number of 
flowering spurs were counted and the percentage of buds that produced 
blossoms was calculated. 
The influence of trickle irrigation on mineral uptake of both bearing 
and nonbearing apple trees was measured by leaf sampling every other week 
from the date of installation of the trickle system (June 9, 1977) until 
the date that system was shut off {September 1, 1977). In bearing apple 
trees ten midterminal leaves were picked from each tree. The 30 leaves 
from the three trees treatments were combined and bagged for later pro-
cessing. In the nonbearing apple trees, because of fewer midterminal 
leaves on each tree, six leaves were picked from each tree at bi-weekly 
intervals. Even by doing this, on two dates (July 7, and August 18, 1977} 
the appearance and condition of most of the young trees did not permit col-
lection of leaves. The marked bags containing leaves were taken to a 
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laboratory imediately, washed with distilled water and put in a forced 
air dryer at 60°C for at least 24 hours, ground in a Wil-ey mill to pass 
a 20 mesh screen, and stored in vials for future analysis. 
Preparation of plant materials to determine the concentration of 
phosphorous (P), boron (B), calcium (Ca), magnesium (Mg), manganese (Mn), 
iron (Fe), zinc (Zn), and potassium (K) was done by ashing 0.5 g of leaf 
material at 550°C in a muffle furnace overnight and taking up the ash in a 
5 ml 1:1 HCl and bringing the volume up to 50 ml with distilled water. 
Phosphorous determination was done by using the Vandomolybdo Phos-
phoric Yellow Color Method in HCl system (41). Transmittance readings 
were obtained at 420 nm, on a Bausch and Lomb Spectronic 20. Boron deter-
mination was done by the Curcumin procedure described by Dible et al. (21) 
with transmittance readings obtained at 540 nm on a Bausch and Lomb 
Spectronic 20. Determinations of Ca, Mg, Mn, Fe, Zn, and K were done on a 
Perkin-Elmer 403 Atomic Absorption Spectrophotometer. 
To follow the growth pattern of fruits in bearing apple trees, the 
middle tree in each treatment was chosen and five fruits were tagged. Us-
ing a vernier caliper, measurements of the fruit length and diameter were 
obtained on June 9, 1977 (five weeks after full bloom) and continued weekly 
for 15 weeks until harvest (September 20, 1977). The 'Chieftain' fruits 
were harvested at 1.54 kg/cm2 as determined with the use of a Magness-
Taylor pressure tester. The tagged fruits were collected separately, 
weighed, and stored in cold storage temporarily for the grading process. 
The fruits were sized and graded on a Greefa fruit sizer into eight cate-
gories: culls (injured or damaged fruits), undersized (fruits under 5 em 
diameter), 5.7 em, 6.35 em, 6.98 em, 7.62 em, 8.25 em, and 8.89 em. The 
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number of fruits in each category were counted~ weighed and recorded. Fif-
ty apples of the 6.98 em category were collected and stored at -1.1°C for 
five months to determine the influence of the treatments on storage quality. 
To determine fruit quality~ the following factors were measured: 
specific gravity, pressure, total soluble solids, percent of water core, 
number of seeds and a starch index. Five tagged apples of each treatment 
were used to determine the pressure on each apple by taking two measurements 
on opposite sides of each fruit. When measuring the pressure on each 
apple the extract juice was collected and an American Optical Corporation, 
Model 10423 hand refractometer was used to determine total soluble solids. 
Water core is a physiological disorder that develops on apple fruits 
during growth or in storage. To determine the percent of water core, each 
apple was cut in half. An index was used to determine the percentage of 
affected area on each apple as follows: 1=0-19%~ 2=20-39%, 3=40-59%~ 
4=60-79%, 5=80-99%~ and 6=100%. The number of seeds were counted when the 
apples were cut in half~ and recorded. Starch disappearance was determined 
by an iodine staining procedure. Each apple was cut in half and one half 
section was immersed in a two percent iodine in ethanol solution. An 
index was used to determine the amount of starch present in apples as 
follows: 1 = no stain, 2 = 1-20%, 3 = 21-40%, 4 = 41-60%, 5 = 61-80%, 
and 6 = 81-100%. 
On February 1, 1978 (132 days after harvest) the stored apples were 
removed from cold storage and ten apples from each treatment in each block 
were randomly selected and tested for pressure~ total soluble solids, per-
cent of water core, and a starch disappearance. In 1977, the incidence 
of Jonathan-spot was high in Iowa orchards. To determine the influence of 
16 
trickle irrigation the fruits were examined for Jonathan-spot and the num-
ber of affected apples were counted and recorded. 
Statistical analysis of data was by Fishers F-test with mean separa-
tion by Duncan's Multiple Range Test {"61). 
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RESULTS 
During the spring and summer months the daily pan evaporation and 
rainfall were recorded and averaged weekly for each month (Table 1). 
Table 1. Average pan evaporation and rainfall in centimeters of water per 
week during spring and summer months in 1977. 
Month Evaporation Precipitation Net Loss Net Gain (em) (em) (em) (em) 
March 2.05 
April 4.07 1.14 2.93 
May 5.22 1.28 3.94 
June 7.14 0.46 6.68 
July 7. 57 1.55 6.02 
August 3.50 7.05 3.55 
During March because the evaporation pan was frozen the amount of eva-
poration was not available. There was a net water loss during April 
through July with July being the month of greatest evaporation and June 
the month of greatest net loss. In August the amount of rainfall exceeded 
that of loss of water by evaporation, resulting in a net gain of water. 
Because of drought conditions the previous season and the absence of snow 
cover during the winter, some moisture stress was already evident when the 
experiments were initiated on June 9, 1977. This was observed as wilted 
leaves on apple trees in the afternoon. 
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Bearing Trees 
Tree Growth·and Development 
Trunk circumference increase and shoot growth were measured as the 
indicators for tree growth and development in bearing apple trees (Table 2). 
The increase in trunk circumference was greatest at full rate treatment 
while the trees irrigated at the half rate were not different from the 
control. Shoot growth in bearing apple trees increased with increasing 
the rate of application of water with the full rate treatment showing_ the 
greatest increase. 
Table 2. The effect of trickle irrigation on trunk circumference increase 
and shoot growth of bearing 'Chieftain' apple trees.l 
Trunk circumference Shoot growth 
Treatment increase (em) (em) 
Control 
Half rate 
Full rate 
1.26b 
1.33b 
1.64a 
22.7c 
26.2b 
28.6a 
1 Means in each column followed by the same letter are not significantly 
different at the 5% level by Duncan's Multiple Range Test. 
The percentage of spurs subtended by a flower cluster was calculated 
during bloom in 1978 to determine the influence of the trickle irrigation 
treatments on return bloom (Table 3). Both irrigation treatments increased 
the return bloom over the control, but were not different from each other. 
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Table 3. The effect of trickle irrigation1on percentage return bloom of bearing 'Chieftain' apple trees. 
Treatment % of return bloom 
Control 46.2b 
Half rate 51.7a 
Full rate 51.9a 
1 Means in each column followed by the same letter are not significantly 
different at the 5% level by Duncan's Multiple Range Test. 
Fruit Development, Yield and Quality 
To determine the influence of trickle irrigation on fruit development, 
fruit length and diameter measurements were taken starting 5 weeks after 
full bloom and continued every other week until harvest (Table 4). Fruits 
followed the typical segmoid pattern of growth during the period; however 
there were no differences in fruit length or diameter between trickle irri-
gated trees and control during the growing season or at harvest. 
The fruits were harvested on September 20, 1977, and total yield was 
recorded and the fruits were later graded for size. The total yield, 
percentage of larger fruits, and percentage of marketable yield were not 
different due to treatments (Table 5). Trickle irrigated trees showed a 
slightly higher percentage of larger sized fruits and marketable yield as 
compared to the control. 
Following harvest at 20 weeks after full bloom, fruit quality was 
measured in terms of pressure (kg/cm2), starch index, a water core index, 
percentage total soluble solids, specific gravity, and number of seeds 
(Table 6). The treatments did not affect the pressure, starch index, 
Table 4. The effect of trickle irrigation on fruit length and diameter of 'Chieftain' apples 
during develo2ment and at harvest.l · · · · · · · · 
Treatment Weeks after Full Bloom 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Fruit length (em) 
Control 2.8 3.1 3.3 3.6 3.9 4.1 4.6 4.9 5.1 5.3 5.5 5.6 5.8 5.9 5.9 5.9 
Half rate 2.8 3.0 3.3 3.5 3.8 4.0 4.6 4.9 5.1 5.3 5.5 5.6 5.8 5.9 6.0 6.0 
Full rate 2.8 3.1 3.3 3.6 3.8 4.1 4.6 4.9 5.1 5.3 5.4 5.6 5.7 5.8 5.8 5.9 
Fruit diameter (em) 
Control 3.0 3.4 3.7 4.1 4.4 4.7 5.2 5.7 6.0 6.2 6.4 6.6 6.7 6.9 6.9 6.9 
Half rate 2.9 3.3 3.6 4.0 4.3 4.6 5.4 5.8 6.0 6.3 6.5 6.7 6.8 6.9 7.0 7.0 N 0 
Full rate 3.0 3.4 3.7 4.1 4.3 4.7 5.4 5.8 6.0 6.3 6.5 6.6 6.7 6.9 6.9 6.9 
1 Means in each column not followed by letters are not significantly different at the 5% level 
by Duncan's Multiple Range Test. 
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Table 5. The effect of trickle irrigation on total yield per tree, per-
centage of larger ftuits and percentage of marketable yield of 
'Chieftain' apples. 
Total yield % of larger fruits 2 % of marketable yield 3 
Treatment (kg) (kg) (kg) 
Control 
Half rate 
Full rate 
9.5 
9.7 
9.7 
56.8 
62.8 
63.9 
68.1 
73.5 
79.2 
1 Means in each column not followed by letters are not significantly 
different at the 5% level by Duncan's Multiple Range Test. 
2 = larger fruits fall in the category of 6.98 em (2 3/4 inches) 
to 8.89 em (3 1/2 inches) in diameter. 
3 =marketable yield fall in the category of 5.71 em (2 1/4 inches) 
to 8.89 em (3 1/2 inches) in diameter. 
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Table 6. The effect of trickle irrigation on pressure, starch index, water 
core index, percentage total soluble solids, specific1gravity, and number of seeds of 'Chfefta1n' fruits at harvest. 
Treatment pressure starch water core % total soluble specific number kg/em index 2 index 3 · solids gravity of seeds 
Control 1.42 3.1 1.9 14.0a 0.83 6.4b 
Half rate 1.37 2.9 1.9 13.5b 0.83 6.9a 
Full rate 1.39 2.8 2.0 12.9c 0.83 7.2a 
1 Means in each column followed by the same letter or no letters are not 
significantly different at the 5% level by Duncan's Multiple Range Test. 
2 = the percentage of the tissue in the cross section of the fruit 
that stained in a 2% iodine in ethanol solution. 1 = no stain, 
2 = 1-20%, 3 = 21-40%, 4 = 41-60%, 5 = 61-80%, and 6 = 81-100%. 
3 = the percentage of the tissue in the cross section of the fruit 
showing hydrolysis of the tissue. 1 = 0-19%, 2 = 20-39%, 3 = 40-59%, 
4 = 60-79%, 5 = 80-99%, and 6 = 100%. 
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Table 7. The effect of trickle irrigation on pressure, starch index, 
water core index, and percentage total soluble solids of 
•chieftain• apples after four month storage. 
Treatment Pressure starch 2 water core % total soluble kg/em index index 3 solids 
Control 0.92 1.0 1.5 15.1 
Half rate 0.91 1.0 1.6 14.9 
Full rate 0.91 1.0 1.5 14.8 
1 Means in each column not followed by letters are not significantly 
different at the 5% level by Duncan•s Multiple Range Test. 
2 = The percentage of the tissue in the cross section of the fruit 
that stained in a 2% iodine in ethanol solution. 1 = no stain, 
2 = 1-20%, 3 = 21-40%, 4 = 41-60%, 5 = 61-80%, and 6 - 81-100%. 
3 = The percentage of the tissue in the cross section of the fruit 
showing hydrolysis of the tissue. 1 = 0-19%, 2 = 20-39%, 3 = 40-59%, 
4 = 60-79%, 5 = 80-99%, and 6 = 100%. 
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water core index, or specific gravity of the 'Chieftain' fruits. The 
percentage total soluble solids were higher in the control and decreased 
with increasing rate of water. Fewer mature seeds were present in the 
control fruits. Although there were no ·di"fferences between trickle treat-
ments, there was a slight increase associated with the full rate treatment. 
After four months in storage there were no differences between 
treatments in fruit pressure, starch index, water core index or per-
centage total soluble solids (Table 7). 
In 1977 a high incidence of Jonathan spot in Iowa orchards made it 
necessary to examine the effect of the trickle irrigation on this disorder 
(Table 8). There were no differences between fruits of trickle irrigated 
trees and control trees. However, the percentage of affected fruits was. 
lower at full rate treatment as compared to the other treatments. 
Table 8. The effect of trickle irri~ation yn percentage of 'Chieftain 
fruits affected by Jonathan spot. 
Treatment 
Control 
Half rate 
Full rate 
% of affected fruits 
15.7 
16.5 
12.5 
1 Means in each column not followed by letters are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test. 
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Mineral Uptake by Tree 
Leaves sampled every other week starting from June 9 {5 weeks after 
full bloom) and continued to September 1 {17 weeks after full bloom) were 
analyzed to determine the concentration of elements P, K, Mg, Ca, Mn, 
Fe, Zn, and B. 
Phosphorus In the leaves of 'Chieftain' apple trees there was a 
trend toward increasing P concentration with time through the 15 weeks 
after full bloom followed by a ·reduction at 17 weeks after full bloom 
{Table 9). There were no differences between treatments up through 15 
weeks after full bloom, while at 17 weeks after full bloom a greater leaf-
phosphorus concentration was associated with increasing rate of irrigation. 
Over all the trickle treatments increased the concentration of leaf 
phosphorus. 
Table 9. Concentration of phosphorus {%) in the leaves of bearing 
rchieftain' trees as influe~ced by trickle irrigation during 
the growing season of 1977. 
Treatment Weeks after full bloom 
5 7 9 11 13 15 17 average 
Control 0.25 0.25 0.28 0.26 0.24 0.33 0.16c 0.25b 
Half rate 0.26 0.26 0.31 0.28 0.27 0.36 0.29b 0.27a 
Full rate 0.24 0.25 0.29 0.29 0.28 0.35 0.23a 0.28a 
1 Means in each column followed by the same letter or no letters are not 
significantly different at the 5% level by Duncan's Multiple Range Test. 
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Potassium The trickle irrigation did not have effect on the concen-
tration of K in the leaves during the growing season, or overall (Table 
10). The K concentration remained relatively constant throughout the 
growing season. 
Table 10. Concentration of potassium (%) in the leaves of bearing 
'Chieftain' trees as influenced by trickle irrigation during 
the growing season of 1977.1 
Treatment Weeks after full bloom 
5 7 9 11 13 15 17 average 
Control 1.35 1.31 1.25 1.23 1.18 1.21 1.22 1.25 
Half rate 1.28 1.29 1.18 1.19 1.16 1.17 1.23 1.21 
Full rate 1.29 1.28 1.23 1.26 1.23 1.29 1.28 1.26 
1 Means in each column not followed by letters are not significantly 
different at the 5% level by Duncan's Multiple Range Test. 
Magnesium The leaf Mg concentration was not influenced by the 
trickle irrigation treatments during the growing season or overall 
(Table 11). Over time there appeared to be a trend of relatively constant 
leaf Mg through the 9th week and a slight increase during the 11th week 
which was followed by a reduction in leaf Mg in the later weeks. 
CalCium The irrigation treatments had no effect on the leaf Ca con-
centration during growing season or overall (Table 12). Over time there 
appeared to be a slight increase in the concentration of Ca for all 
treatments. 
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Table 11. · Concentration of magnesium (%) in the leaves of bearing 
•chieftain• trees as influenced by trickle irrigation during 
the growing season ·of 1977) · · · · · · · · · · · · · · · .· · · · · · · · · · · · · · · · 
Treatment Weeks after full bloom 
5 7 9 11 13 15 17 average 
Control 0.38 0.38 0.38 0.42 1).34 0.30 0.30 
Half rate 0.37 0.38 0.37 0.45 0.35 0.32 0.28 
Full rate 0.36 0.37 0.36 0.43 0.34 0.29 0.29 
1 Means in each column not followed by letters are not significantly 
different at the 5% level by Duncan•s Multiple Range Test. 
0.36 
0.36 
0.35 
Table 12. Concentration of calcium (%) in the leaves of bearing •chieftain• 
trees as influenced by trickle irrigation during the growing 
season of 1977. 1 
Treatment Weeks after full bloom 
5 7 9 11 13 15 17 average 
Control 1.00 1.01 1.19 1. 25 1.34 1.29 1.41 1.22 
Half rate 1.02 1.02 1.18 1.29 1.28 1.29 1.37 1.21 
Full rate 1.01 1.01 1.17 1.26 1.30 1.27 1.37 1.20 
1Means in each column not followed by letters are not significantly 
different at the 5% level by Duncan•s Multiple Range Test. 
Manganese The concentration of Mn in the leaves remained relatively 
constant throughout the growing season with no differences between 
treatments (Table 13). 
27 
Table 13 • Concentration of manganese (ppm) i"n the leaves of bearing 
. . . . . . . . . . . . ~~~i~f~a~~ ~ . ~~~. ~~ f~l;~~epce~. ~Y. ~~~~~~~. ~~~~~~~~~~.~~~~~g. 
· · · · e gr w ng · sea on· o · ~ · · · · · · · · · 
Treatment .. Weeks . after ful 1 bloom· · 
5 7 9 11 13 15 17 average 
Control 28 35 29 30 30 27 27 29 
Half rate 29 33 29 29 28 26 26 28 
Full rate 31 33 29 29 29 27 27 29 
1 Means in each column not followed by letters are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test. 
Iron The leaf Fe concentration was not influenced by the trickle 
irrigation treatments during the growing season or overall (Table 14). 
Over time there appeared to be a trend toward a slight increase in leaf Fe 
until nine weeks after full bloom which was followed by a slight decrease 
as time proceeded. 
Table 14. Concentration of iron (ppm) in the leaves of bearing 'Chieftain' 
trees as influenced by trickle irrigation ~uring the growing 
season of 1977.1 · 
Treatment •leeks after full bloom 
5 7 9 . . . ·u· 13 .... '15' . 17 . average 
Control 153 159 214 144 133 132 121 151 
Half rate 154 163 213 150 132 128 120 151 
Full rate 163 171 198 158 134 .... 131.'' ... 122 .• . · .. 154 
1 Means in each column not followed by letters are not significantly 
different atthe 5% level by Duncan''s Multiple.~angeTes-t~ ... 
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Zinc There were no differences between treatments throughout the 
growing season, but the trend showed a slightly higher concentration of 
leaf Zn concentration in the control treatment, particularly during the 
first two sampling periods (Table 15). The overall concentration of Zn 
decreased with trickle irrigation treatment. 
Table 15. Concentration of zinc (ppm) in the leaves of bearing •chieftain• 
trees as influenced by trickle irrigation during the growing 
season of 1977. 1 
Treatment Weeks after full bloom 
5 7 9 11 13 15 17 average 
Control 38 35 30 34 31 30 26 32a 
Half rate 34 30 29 36 28 28 24 30b 
Full rate 29 27 28 37 31 29 25 29b 
1 M~ans in each column not followed by lf:!tters ~Yle not signiftcantly 
d1fferent at the 5% 1 evel by Duncan·~ Multiple Range Test. 
Boron At seven weeks after full bloom the full rate treatment was 
associated with a lower concentration of leaf B while the half rate was 
not different from the control (Table 16). During the remainder of the 
growing season and overall there were no differences due to treatments. 
With time there appeared to be a trend toward increased leaf B up through 
the 9th week after full bloom followed by a gradual reduction, 
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Table 16. Concentration of boron {ppm) tn the leaves of bearing 'Chief-
.... · . .. ... g~~~~. ;~~~. ~s. ~,n~11.9ue77n~r· ~·:~~·:·~~~~~~·e:~·~~~g~~~~~. ~~~~.~~. t~~ ... 
' . , . row In . SeaSOn' 0 ·• . . . ' . ' . ' . . . . . ' ' . . . . . . . . . 
Treatment · · Weeks: after full bloom 
5 7 . 9 . .. 11 13 15 17 ave rase 
Control 36 44a 52 49 42 39 40 43 
Half rate 37 43a 52 50 45 41 42 45 
Full rate 38. 40b 51 49 43 40 41 43 
1 Means in each column followed by the same letteror no letters are not 
significantly different at the 5% level by Duncan's Multiple Range Test. 
Nonbearing .rreea 
Tree Growth and Development 
Trunk and shoot growth were measured as indicators of the tree growth 
and development in nonbearing apple trees (Table 17). Trickle irrigation 
did not affect trunk growth, however at higher rates of water there was a 
trend toward a slight increased trunk circumference. A greater shoot 
growth was associated with nonbearing apple trees as compared to bearing 
trees. Although, there were no differences between treatments a trend to-
ward slightly increased shoot growth was associated with increasing rates 
of water. 
Mineral Uptake by Tree 
The concentration of P, K, Mg, Ca, Mn, Fe, Zn, and 8 was detenni'ned 
on leaves sampled periodically from June 9 and continued to September 1, 
1977. 
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Table 17. The effect of trickle irrigation on trunk circumference in-
crease and shoot:growth in nonbearing apple·trees~ · · 
Treatment 
Control 
Half rate 
Full rate 
Trunk circumference 
increase· (em)·· 
0.90 
1.08 
1.23 
Shoot growth 
{em) 
45.8 
47.2 
51.8 
1 Means in each column not followed by letters are not significantly 
different at the 5% level by Duncan•s Multiple Range Test. 
Phosphorus There were no differences due to treatments during the 
first two sampling periods while on July 21, 1977 the full rate treatment 
was associated with a higher leaf P concentration and the half rate treat-
ment was not different from the control (Table 18). During August a higher 
concentration of leaf P was associated with increasing irrigation rates 
followed by no differences on the last sampling period. Overall the leaf 
P concentration was higher in the full rate treatment with no differences 
between the half rate treatment and the control. 
Potassium Trickle irrigation treatments did not affect the leaf K 
concentration during growing season or overall (Table 18). There appeared 
to be a trend toward relatively constant status of leaf K concentration 
throughout the growing season. 
Magnesium On the first sampling date the half rate irrigation 
treatment was associated with a reduced concentration of leaf Mg while 
the full rate was not different from the control (Table 18). In the second 
sampling period a similar trend persisted although there were no differences 
between the half rate and the control treatments. During the remainder of 
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Table 18. Concentration of phosphorous, potassium, magnesium, 
and calcium in the leaves of nonbearing apple trees as influ-
· ·enced by trickle irrigation ·during :the ·growing ·season ·of· 1977. · 
... ' .. Time of·sam~ling· ·· 
Treatment· ''6l9 ''6l23· '' 7/21 '. '8/4 9/1 Average 
· Phos~horous · (%} 
Control 0.17 0.16 0.13b 0.12c 0.15 0.14b 
Half rate 0.14 0.14 0.13b 0.18b 0.16 0.15b 
Full rate 0.15 0.15 0.16a 0.19a 0.16 0.16a 
Potassium (%} 
Control 0.82 0.81 0.87 0.90 0.95 0.87 
Half rate 0.78 0.80 0.94 0.99 0.93 0.89 
Full rate 0.77 0.80 1.10 1.13 1.06 0.97 
Magnesium·(%} 
Control 0.47a 0.44ab 0.61 0.51 0.49 o.5oa 
Half rate 0.41b 0.39b 0.60 0.50 0.46 0.47b 
Full rate 0.47a 0.49a 0.60 0.44 0.42 0.48b 
Calcium·(%} 
Control 1.06a 1.04a 1.24 1.23a 1.27a 1.17a 
Half rate 0.86b 0.88b 1.19 1.15a l.llab 1.04b 
Full rate 0.94b . 0. 96ab 1.21 l.Olb 1.00b l.OOb 
'. 
1 Means in each column followed by the same letter or no letters are not 
significantly different at the 5% level by Duncan's Multiple Range Test. 
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the growing season there were no differences due to treatments, however, 
on the last two sampling dates the full rate treatment was associated .with 
a lower concentration of leaf Mg. Overall irrigation treatments decreased 
the concentration of leaf Mg. 
Calcium On the first sampling date the trickle irrigated treat-
ments were associated with a reduced concentration of leaf Ca (Table 18). 
During the second sampling period the same trend persisted although there 
was no difference between the full rate and the control treatment. On 
July 21, there were no differences between treatments, while on August 4 
a reduction in leaf Ca was associated with the full rate treatment. On 
the last sampling period a similar trend persisted although there were no 
differences between half rate and full rate treatments. Overall the trickle 
irrigated treatments were associated with a lower concentration of Ca. 
Manganese There were no differences in leaf Mn between treatments 
up through the third sampling period (Table 19). During the remainder of 
the growing season there were differences between treatments with the con-
trol showing the higher concentration over irrigation treatments. Overall 
the leaf Mn concentration decreased in trickle irrigated trees. There was 
a trend toward increased Mn concentration with time. 
Iron The trickle irrigation treatments did not affect the leaf Fe 
concentration during the growing season or overall (Table 19). There ap-
peared to be a trend toward increased concentration of Fe until July 21, 
1977 followed by a decrease in leaf Fe concentration during the remainder 
of the growing season. 
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Table 19. Concentration of manganese, iron, zinc, and boron in the 
leaves of nonbearing apple trees as influenced by trickle 
· •:: · :1rr1gatfon during·the growing•season.l · • •: · ·:: .· ·: · · · ·: ·: • · · · · 
Treatment· 
Control 
Half rate 
Full rate 
Control 
Half rate 
Full rate 
COntrol 
Half rate 
Full rate 
Control 
Half rate 
Full rate 
... 6/9· . . :· 6/23 
54 
47 
55 
117 
111 
121 
21 
22 
20 
47 
43 
44 
60 
55 
58 
133 
127 
139 
24 
22 
22 
37 
42 
40 
· · ·nme·of sampling 
7/21' '. 8/4 
· ·Manganese· (ppm) 
73 · 85a 
64 
65 
75b 
73b 
Iron (ppm) 
176 
179 
170 
144 
132 
128 
Zinc· (ppm) 
20 21 
21 
19 
20 
19 
Boron (ppm) 
37 
42 
40 
36 
39 
37 
· 9/1 · · ·Average 
89a 
78b 
77b 
129 
130 
125 
17 
16 
16 
37 
40 
39 
72a 
64b 
66b 
140 
136 
136 
20 
20 
19 
39b 
41a 
40ab 
1 Means in each. column followed by the_ same letter or no letters are not 
significantly different at the 5% level by Duncants Multiple Range Test . 
. . , . . . . . . . . . . . . . . . . . . . . .... 
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Zinc The leaf Zn concentration was not influenced by trickle irri-
gation treatments during growi·ng season or overall (Table 19). The trend 
showed a relatively constant status of Zn during the growing season. 
Boron There were no differences between treatments during the 
growing season (Table 19). The trend showed a slightly greater reduction 
in leaf B concentration for control treatment in the period between first 
and second sampling dates followed by a relatively constant status of B 
during the remainder of the growing season. Overall there were differences 
between treatments with the half rate treatment showing the highest con-
centration over the control but it was not different from the full rate 
treatment. 
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DISCUSSION 
Most of the incoming solar energy that is received in humid and sub-
humid regions of the Northern Hemisphere comes between March 21 and 
September 21 (54). During the first three months of that period nearly 
all of the energy is used to evaporate the excess water that has accumu-
lated during the winter months. This usually amounts to 4-5 em weekly un-
less rain replenishes the df:ninished soil water. late summer energy can-
not be expended in evaporating water so most of it is used to heat the 
soil and the air. During this study a water deficit existed in the exper-
iment area. Net water loss during spring and summer months, with the ex-
ception of August was observed. The replenishment of water was brought 
about by installing a trickle irrigation system for treated trees. 
The increase in trunk circumference of bearing •chieftain• apple 
trees at full rate treatment and the effect of both full rate and half 
rate treatments on shoot growth can be attributed to the availability of 
water to treated trees. The half rate treatment was sufficient to main-
tain photosynthetic activity over control, thus increased shoot growth, but 
was insufficient to promote enough activity for the stimulation of trunk 
circumference growth. Goode (33) found that trunk growth was limited be-
fore a soil water suction of 0.7 bar was reached. Verner et al. (66) 
found trunk circumference growth to be more sensitive than fruit growth in 
apples and found that the rate of trunk growth started declining well above 
the wilting point. The results of this study support their fi"ndings and 
those of others (28, 34, 45, 62) that trunk growth is a very sensitive in-
dication of moisture stress in deciduous fruit trees. 
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The trunk circumference increase under the full rate treatment indi-
cates that soil moisture was· kept at or near field capacity and the trees 
could easily obtain water. However, it does not necessarily mean that this 
rate of flow or this condition was optimum for the best plant growth. The 
plant might have been able to show better response and greater trunk 
growth if the water had been applied about one month sooner during the 
first half of May when moisture stress was already beginning to show. 
Shoot growth on bearing deciduous fruit trees occurs mainly during the 
first two months of the growing season (64). Under normal conditions 
average shoot growth for bearing fruit trees is considered to be at least 
6 to 10 inches anually and preferably 12 to 14 inches (16). In this study 
shoot growth increased with increasing rates of water and although adequate 
was not optimal. This lack of optimal growth can be related to the time 
when vegetative growth commenced and the time of starting the trickle irri-
gation system. Much of the shoot growth had already occurred by the time 
the treatments had started and the trees were already under some moisture 
stress. 
These results on shoot growth confirm those reported by Butijn (11), 
who found the shoot growth in bearing apple trees is very sensitive to 
dry soil conditions, but not as sensitive as trunk growt~ and ample 
soil water is needed in the first half portion of the growing season. 
There were no differences in the growth and development of trickle 
irrigated nonbearing trees and controls measured by trunk circumference in-
crease and shoot growth, The greater shoot growth in nonbearing trees can 
be attributed to the fact that in bearing trees the shoot growth occurs 
mainly during the first two months of growing season and as soon as the 
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fruits are set on the tree the competition for nutrients between vegetative 
. growth and fruits starts ( 16). Since the fruits are a strong sfnk for .. 
nutrients {16) the vegetative growth is marked by declines. In nonbearing 
trees because of lack of this competing sink,vegetative growth may con-
tinue until the dormant period and as a result a greater vegetative growth 
is expected. The ample rainfall during August 1977 stimulated additional 
growth in all nonbearing trees and this effect may have masked the probable 
differences between treated and untreated nonbearing trees. 
Both rates of trickle irrigation increased the return bloom in 1978. 
Degman et al. (20) found a decrease in bloom on 'York Imperial • and 
•wealthy' cultivars that had not been subjected to irrigation the previous 
year. Flower bud initiation and development starts in June of one year 
and reaches completion in the spring of the following year (16). The 
initiation of the trickle irrigation treatments in June could have been 
sufficient to relieve the water stress allowing far greater photosynthetic 
activity, relieving the competition by the fruit, thus allowing for an im-
proved flower bud initiation. Childers (16) stated .that a temporary 
drought stimulated flower bud initiation while a prolonged drought will 
induce flower bud abortion. It is also conceivable that such was the case 
in this study. 
Fruit growth in length and diameter was the same for all treatments. 
This could be attributed to the natural pattern of the growth of the fruit 
itself, which is less sensitive to soil water moisture stress as compared 
to trunk growth (66). In general the growth rate of fruits is reduced only 
when the water supply to the tree is reduced to a critical level (64). 
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The deep root penetration of apple trees to extract the water from sub-
soil reservoirs can protect the plant from reaching this critical level. 
Wiggans (68) found apple roots 30 to 35 feet deep in the loess soil of 
Nebraska. Hendrickson and Veihmeyer (36, 65) found that growth and final 
size of apple fruits are not affected as long as the water content of the 
soil in the root zone is above the wilting point and irrigation before 
depletion to wilting point had no effect on the rate of fruit growth. 
The similarity of the fruit size and also fruit yield for all treat-
ments might be explained by the fact that fruits are strong sink for car-
bohydrates, nutrients and hormones. Regardless of the treatment, fruits 
competed for nutrients with other growing parts of the tree and being a 
strong sink attracted adequate amounts of food required for their growth 
at the expense of other parts. 
This lack of response in yield and fruit size also may be due to 
lag period in adaption to the trickle irrigation system. Bearing trees 
with a deep root system shifted to trickle irrigation which maintains a 
portion of the root system with adequate water may need more time to adapt 
to the new regime of water application. The trend toward an increased per-
centage of larger fruit size and marketable yield with higher rates of 
trickle irrigation might be evidence for expecting differences between 
treatments when the lag period in adaption to trickle irrigation is over-
come with time. 
The higher number of seeds in the full rate and half rate treatments 
may be due to less water stress in treated trees which resulted in a greater 
photosynthetic activity and consequently better embryo development and 
maturation. Because phosphorus plays a key role in energy metabolism (24) 
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the higher concentration of P in treated trees throughout the growi_ng 
season might have had an effect in bringing about this response. 
At harvest the decrease in percentage total soluble solids with in-
creasing rates of trickle irrigation could be attributed to the larger 
amounts of water in treated fruits resulting in a lower ratio of dry weight 
to fresh weight. This result confirms those reported by Donoho et al. 
(23) and Packer et al. (52) who found that fruits under irrigated plots 
are generally lower in soluble solids and higher in water than those from 
nonirrigated trees •. 
Since the effect of trickle irrigation on percentage total soluble 
solids might be attributed to a dilution effect, and the other variables 
measured for fruit maturation were not affected by trickle irrigation 
either at harvest or after storage period, it is suggested that trickle 
irrigation treatments did not have any effect on the fruit maturity. 
Since there were no differences in the leaf Ca concentration of bear-
ing apple trees for all treatments and movement of the calcium into the 
fruits occurs early in the season (16) this evidence may support the simi-
larity of t~ results on Jonathan spot for treated and untreated trees. 
leaves have been used extensively in determining the nutritional 
status of plants. The literature on this subject is vast as is evident in 
the review of Goodall and Gregory (32). In this experiment the leaves 
were collected at a bi-weekly interval starting 5 weeks after full bloom 
(June 9) and continued to September 1. Of the elements studied the domi-
nant mechanism of Ca, Mg, and 8 movement to the root is by mass flow 
(1, 4, 51) while Zn, Fe, Mn, K, and P move to the root by diffusion (39). 
Trickle irrigation increased the leaf concentration of P in both bearing 
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and nonbearing apple trees. This increase in P concentration is in agree-
ment with others, who reported an increase due to higher soil water content 
and with trickle irrigation (37, 59). 
The increased P concentration due to the trickle irrigation may be at-
tributed to a higher soil moisture content which influenced the rate of 
movement and diffusion of this ion. Conversely the lower leaf concentra-
tion of phosphorous in control trees may be explained by existence of dry 
soil and lower mobility of phosphorus under this condition. The develop-
ment of more fibrous roots in trees under trickle irrigation as has been 
previously reported (30) might be another reason for better uptake of 
phosphorus. The density of roots and extent of root surfaces becomes more 
important as the mobility of the nutrient in the soil decreases {26). 
The higher leaf concentration of boron in nonbearing trees confirms 
the results reported by Smith (59) in sour cherry. He found a tendency 
toward increased boron absorption with higher rates of water. 
Increasing rates of trickle irrigation decreased the concentration of 
zinc in bearing apple trees and the concentration of Mg, Ca, and Mn in non-
bearing trees. Decreased concentration of Zn is in contrast to the results 
reported by Smith {59) for plum trees. This might be attributed to a dilu-
tion effect due to a greater growth in trickle irrigated trees. A similar 
decreased concentration of Ca and ~1n in 'Golden Delicious• apple trees was 
reported by Smith {59). No differences were found for K, Mg, Ca, Mn, Fe, 
and B in bearing apple trees and for K, Fe, and Zn in nonbearing apple 
trees. These results confirm those reported by Smith (59) for K, and Mg 
in 'Golden Delicious• apple trees, forK, Ca, Mg, Mn, Fe, Zn, and Bin 
rRhode Island Greening•, and for K, Mn, Fe, and Zn in 11 Wayne• apple trees. 
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SUMMARY AND CONCLUSION 
Trickle irrigation trials were established on beari.ng and nonbeari.ng 
apple trees·(Milus·domestica·Bork.) in 1977. Treatments were control, half 
rate and full rate based on 75% of net water loss as indicated by pan 
evaporation readings. 
The full rate treatment increased shoot growth and trunk circwnfer-
ence in bearing apple .trees, while the half rate increased only shoot 
growth indicating that trunk growth is more sensitive to moisture stress 
compared to shoot growth. The trunk and shoot growth in nonbearing apple 
trees were not affected by trickle irrigation. The ample rainfall in 
August 1977 caused regrowth of the shoots on nonbearing apple trees and 
this effect may have masked the probable differences due to the treat-
ments. Return bloom in bearing trees increased with trickle irrigation 
indicating an adverse effect of long tenn drought on return bloom in 
control trees. 
Fruit size and yield was the same for all treatments in the bearing 
apple trees. Although there were no differences due to treatments, the 
percentage of larger fruit size and marketable yield tended to be in-
creased with trickle irrigation treatments indicating that the fruit is a 
strong sink to attract nutrients and continue growth at the expense of 
other growing parts regardless of the treatment. 
Number of seeds increased under trickle irrigation treatments indi-
cating a better embryo development in the fruits of treated trees. A 
lower percentage of total soluble solids in the treated fruits was asso-
ciated with a dilution effect due to better growth and development. 
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Other indicators of fruit maturity were the same either at harvest time or 
after storage period for all treatments. The percentage of Jonathan spot 
affected fruits was the same for trickle irrigated and control treatments. 
Increasing trickle irrigation rates increased concentration of P in 
nonbearing and bearing trees, and concentration of B in nonbearing trees 
indicating that the soil water content influenced absorption of these 
ions by trees. Increased ion uptake by the tree might be due to an in-
crease in more fibrous roots under trickle irrigation system. The leaf 
Zn concentration decreased with trickle irrigation treatments in bearing 
apple trees. This reduction might be a dilution effect due to the greater 
growth in treated trees. The Ca, Mn, and Mg decreased with trickle 
irrigated treatments in the nonbearing trees. The trickle irrigation 
did not affect the concentration of K, Mg, Ca, Mn, Fe, and B in bearing 
apple trees and those of K, Fe and Zn in nonbearing trees. 
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